Immunological studies on dextran (Zozaya, 1932, and FitzGerald, 1933), a glucose polysaccharide produced by the action of Leuconostoc mesenteroides, have been directed towards its possible properties as an antigen. In this .investigation, however, an attempt has been made to show that dextran possesses the properties of a haptene; that is, to prove a pure polysaccharide can giv~a precipitin reaction with anti-Leuconostoc sera prepared with the homologous organisms.
REACTIONS TO CARBOHYDRATES AND POLYSACCIIARIDES. LXIV
large angle-centrifuge, observing sterile precautions. The bacterial precipitates were washed twice by centrifuging with 0.1 per cent formalinized saline, and some (called Antigen B below) were heated at 80 ° for ~ hour. Other suspensions (Antigen A) were not subjected to this heat treatment. The organisms were examined, and found to be still Gram-positive, and capsulated. The suspensions were then standardized against Brown's (1919) tubes, using pneumococcus values as comparison, since no values were available for Leuconostoc suspensions. The concentrations of suspensions prepared were 2000 × 106/cc. and 400 × 106/cc. Rabbits were inoculated intravenously in the marginal vein of the ear, following an immunization schedule similar to that used by Goodner, Horsfall, and Dubos (1937) for the production of antipneumococcus sera. Rabbits 1 and 2 were duplicates inoculated with Antigen A, rabbits 3 and 4, also duplicates, inoculated with Antigen B.
The immunization schedule involved doubling the numbers of organisms in successive injections for 4 days, then rest for 3 days, then inoculations for 4 days, rest, etc., until sufficiently high antisera titres resulted. During the first 2 weeks of the schedule, the injections were increased from 0.1 cc. 400 X 106 organisms per cc. to 0.4 cc. 2000 X 106 organisms per cc. Inoculations were again commenced at the 10th week, and increased to 0.4 cc. 2000 X 106 organisms per cc. by the middle of the 12th week. The rabbits were bled after rest for a further 10 days, and the antisera titrated. Reinoculation for 4 days, followed by rest for 10 days, then bleeding and titration of sera, then reinoculation (to a maximum of 1.0 cc. 2000 × 106 organisms per cc.) etc.~was continued until the final bleeding at the 19th week of the immunization schedule.
Rabbits 5 and 6 were inoculated during the same period with Antigen B, but a 3 or 4 day rest was allowed between each inoculation. Work with these rabbits was discontinued, since the agglutination titres of the antisera were not as high as those of rabbits 1-4.
Large-scale bleedings were carried out by cardiac puncture, small-scale, from the ear. The blood was allowed to clot for 24 hours at room temperature, then the cells were separated by centrifuging. The serum was decanted, sterilized by heating at 55 ° for ~ hour, then stored at 0 ° in serum vials with 1:10,000 merthiolate as preservative.
The agglutination titres increased during the inoculation schedule. Table I shows these values at the end of the inoculation schedule.
The agglutination reactions were carried out at 55 ° for 6 hours, and the final readings were made after a further 12 to 18 hours at room temperature. The concentration of antigen used was 4 X 10 s organisms per cc.
Preparation of Dextran for Precipitin
Reactions.--Dextran was prepared using the medium of Tarr and Hibbert (1931) , modified by the addition of 1 per cent tomato juice, and 0.5 per cent calcium carbonate. The addition of calcium carbonate was found to increase the yields of dextran obtained, probably by neutralizing the acid produced, thereby maintaining the reaction of the culture about pH 6, and permitting a longer period of dextran production. Incubation was allowed to proceed for 15 to 20 days at 25 ° . The culture solution was then evaporated to about one-fifth its volume in vacuum, and in an atmosphere of nitrogen (bath temperature below 50 ° ) and the solution maintained about pH 7. The crude dextran was precipitated by pouring the viscous concentrate into three volumes of methanol, washed by grinding with methanol and ether, and then dried in the air and finally under vacuum at 50 ° . The yields of dextran, in the form of a fine, white powder, averaged 25 gin. per litre of culture. 
TABLE II

Analyses of Dextran Preparations Used as Antigens in the Predpitin Reaction
Calculated for (Cd-IloO~)n: C, 44.4; H, 6.17. * All these Kjeldahl nitrogen determinations were carried out using N/100 standard acid and base. Analyses of A and B were carried out in a standard micro apparatus, using 50 to 70 mg. samples. Analyses of C and D were carried out in a macro apparatus, using 0.2 gin. samples for C, and 0.1 gin. samples for D.
t This sample was prepared from a different lot of the crude dextran (D) and only reprecipitated once.
The crude dextran, which contained sucrose, was purified by dialysis against flowing tap water (700 cc. per minute, 37 °) for 8 hours using Du Pont No. 300 cellophane as the membrane. The dextran was precipitated as described above, yielding about 7 gin. from 10 gm. of the crude product. The purified product gave negative protein (biuret and xanthoproteic) and nitrogen tests, and was qualitatively free of reducing Table II .
(b) Preparation B: Electrodialyzed a total of 84 hours, as with Preparation A, but against 0.4 per cent sodium hydroxide, (Fowler, Buckland, Brauns, and Hibbert, 1937) . In the first hour or two of such electrodialysis, the temperature rose to about 90 ° , but replacing of the sodium hydroxide solution with water brought about a temperature drop to room temperature. The distilled water was renewed at intervals, and another short dialysis period against 1 per cent sodium hydroxide was Bold faced numerals indicate optimal proportion tubes. carried out, then against distilled water until the current was approximately zero for some time. The product was recovered in the usual manner, and precipitated into methanol three times. Analyses of this product are shown in Table II. (c) Preparation C: Identical with Preparation B, except electrodialysis was carried out against 1 per cent sodium hydroxide (renewed four times) for approximately2 weeks. The product was reprecipitated three times. Analyses of this product are also shown in Table II .
Precipitin Reactions.--The antisera used were the anti-Leuconostoc sera described above. With dextran Preparation D (Table II) , dilutions varying from 1:100 to 1: 100,000, and antibody dilutions about 1:15, slight precipitation was observed in the antiserum from rabbit No. 2 only. Precipitation occurred, however, in higher concentrations of these antisera, as shown in Table III . The results were read after 16 to 24 hours at room temperature. Fine titrations are shown in Table IV .
DISCUSSION
For the preparation of anti-Leuconostoc sera, several different inoculation schedules were tried, and slightly different antigens used. Formalin was added to all Leuconostoc suspensions used as antigens to obviate enzymatic changes, loss of Gram-positive character, etc. (Goodner, Horsfall, and Dubos, 1937.) In addition Antigen B was heated at 80 ° for ~ hour, and the titres of sera produced by this antigen (rabbits 3 and 4) were lower than those produced by Antigen A (rabbits 1 and 2) which was not heated in this manner. Lower titres of antisera were also obtained when rest periods of 3 to 4 days were allowed between each inoculation (rabbits 5 and 6) rather than daily inoculations (rabbits 1, 2, 3, 4) for 4 days, followed by a rest period for the remainder of the week. In both these cases, however, the number of rabbits was too few to make these generalizations regarding low titres absolutely conclusive.
Early work (FitzGerald, 1933) has shown that dextran is incapable of production of antibodies when the nitrogen content of the polysaccharide is reduced below 0.2 per cent. Zozaya (1932) has shown that, by absorption on collodion, dextran may function as an antigen, the inference being drawn that this immunological activity is due to the colloidal nature of the dextrancollodion complex.
The conclusions, reached in previous work, however, cannot be accepted without reservation since there is some doubt whether the dextran preparations employed were truly nitrogen-free. Although these dextran preparations gave a negative qualitative nitrogen test, no highly sensitive quantitative analysis was made.
In this investigation, an attempt has been made to establish the fact that nitrogen-free dextran, while it may not be a true antigen, can function as a haptene; that is, give a precipitin reaction with anti-Leuconostoc sera prepared with the homologous organisms. Considerable effort has been directed toward purification of the dextran used in the precipitin reactions in an attempt to remove the last traces of nitrogen. Preparations of purified dextran have been shown to give negative qualitative nitrogen and protein tests. However, the reliability of such tests as used (e.g. Heidelberger, Kendall, and Scherp (1936)) in the presence of large amounts of carbohydrate is questionable since the presence of carbohydrate appears to reduce their sensitivity. This conclusion has been borne out by the fact that small amounts of casein when mixed with starch cannot be detected by qualitative nitrogen or protein tests.
In order to detect the smallest percentage of nitrogen which could possibly be present in the dextran preparations, used in this investigation, a highly sensitive, quantitative nitrogen analysis procedure has been developed. This is a modification of the Kjeldahl method in which the usual macro sample (ca.
200 rag.) is used and titrations made with N/100 standard acid and base. In this way sensitivity of the normal Kjeldahl analysis has been considerably increased. The results, reported for the purest dextran preparation (C ,  Table II ), indicate a nitrogen content of 0.08 per cent. It should be pointed out, however, that this value represents the maximum nitrogen content since a small blank sometimes results from analytically pure carbohydrates. The nitrogen content of each of the purified dextrans is lower than that usually reported for pneumococcus polysaccharides to which immunological activity is ascribed. (Heidelberger, Kendall, and Scherp, 1936, and Brown, 1939 .) The purest dextran preparation (C , Table II) could have, as a maximum, only 0.5 per cent protein based on the nitrogen analysis. The nitrogenous impurity in the dextran might be peptone, which would not in itself influence immunological reactions, or bacterial nucleoprotein, or the nitrogen might be an integral part of the polysaccharide molecule.
The precipitin reactions, given by the various preparations of dextran, show that as the nitrogen content is decreased (compare Preparations C and D, Table II ), precipitation takes place at a higher dilution. It seems apparent from this relationship that the antigenic activity of the dextran is not dependent on traces of nitrogenous impurity since the small amount of nitrogen (0.1 to 0.2 per cent) would not be expected to cause the observed variations in titres given by the various preparations of dextran (Table III) . Deflection of the optimal proportions ratio (Table IV) during the various stages of purification is not clear. This may be due to cleavage of the polysaccharide chain as a result of contact with alkali during purification. Such cleavage might be expected to give rise to an increase in the number of antigenic units in a given weight of dextran. An attempt has been made to detect cleavage of the polysaccharide chain by viscosity measurements of the various dextran preparations, but these results are inconclusive, since the specific viscosities varied over a wide range when determined at different concentrations.
SUMMARY
Anti-Leuconostoc mesenteroides sera have been produced in rabbits. These antisera gave precipitin reactions with relatively high dilutions of the homologous polysaccharide, dextran, having a maximum nitrogen content of 0.08 per cent. It can therefore be concluded that this dextran is a haptene.
